Myocardial VEGF expression after cardiopulmonary bypass and cardioplegia.
Vascular endothelial growth factor (VEGF) is a heparin-binding glycoprotein that plays a critical role in angiogenesis, vascular remodeling, and regulation of vascular tone and permeability. Because myocardial and peripheral edema and systemic hypotension occur frequently after cardiac operations, we examined the effects of cardiopulmonary bypass (CPB) and cardioplegia on gene expressions of VEGF protein and the VEGF tyrosine kinase receptor flk-1 and coronary vascular responses to VEGF. Pigs (n = 6) were placed on normothermic CPB and hearts were arrested for 1 hour with a hyperkalemic, cold blood cardioplegic solution. Pigs were then separated from CPB and perfused off CPB for an additional 2 hours. Myocardial and skeletal muscle specimens were obtained for Northern analysis of VEGF protein, flk-1 receptor, and basic fibroblast growth factor (bFGF) mRNA before CPB and after 2 hours of reperfusion. Isolated, precontracted coronary arterioles in pre-CPB dilated potently to exogenous VEGF (dilation = 26 +/- 4% of precontraction at 10(-12) mol/L VEGF). Cardioplegia-reperfusion was associated with a 4 +/- 2-fold (P < 0.05 vs pre-CPB) increase in myocardial VEGF protein mRNA, whereas no similar increase was observed in the skeletal muscle. Flk-1 mRNA was increased 6 +/- 3-fold (P < 0.05 vs pre-CPB) after reperfusion, whereas it was unchanged in the skeletal muscle. Relaxations of precontracted coronary arterioles to VEGF were significantly increased (40 +/- 6% at 10(-12) mol/L, P < 0.05 vs pre-CPB) after 2 hours of reperfusion, but those to the endothelium-dependent vasodilator ADP and the endothelium-independent vasodilator nitroprusside were not changed, suggesting that the VEGF receptors remain intact and function is selectively upregulated. In contrast, relaxation responses of microvessels to bFGF were not altered after cardioplegia-reperfusion, and there was no increase in bFGF mRNA in either myocardium or skeletal muscle. This study shows that VEGF protein and its flk-1 receptor gene expressions are selectively increased and the potent VEGF-induced vascular responses are enhanced in the coronary microcirculation after blood cardioplegia. The respective parameters are unchanged in the skeletal muscle after normothermic CPB. These findings may have important implications regarding postoperative coronary blood flow regulation, increases in myocardial edema, and vascular remodeling after cardioplegia-reperfusion.